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There is increasing evidence that physical activity is associated
with altered risk of total cancers and certain specific types of
cancer, especially colon and prostate (Lee, 1995; Oliveria 
and Christos, 1997; Gerhardsson, 1997; McTiernan et al, 1998;
Moore et al, 1998; Shephard and Shek, 1998). In particular, the
evidence strongly supports the role of physical activity in reducing
risk of colon cancer (Lee, 1995; Oliveria and Christos, 1997;
Gerhardsson, 1997; McTiernan et al, 1998; Moore et al, 1998;
Shephard and Shek, 1998; Giovannucci et al, 1995; Slattery et al,
1997); the findings relating to prostate cancer have been inconsis-
tent (Albanes et al, 1989; Thune and Lund, 1994; Oliveria and
Lee, 1997; Hartman et al, 1998; Giovannucci et al, 1998; Liu et al,
2000). A few prospective studies have suggested an inverse rela-
tionship with lung cancer (Lee and Paffenbarger, 1994; Thune and
Lund, 1997; Lee et al, 1999). Data on physical activity and other
types of cancer are limited and the amount and type of physical
activity required to confer protection remains unclear for any of
the cancers. There is some indication that a high level of activity
(vigorous) is required to achieve benefit for prostate cancer
(Giovannucci et al, 1998). The inconsistent findings between
studies for the various cancer types may relate to the different
levels of activity in the populations studied. This raises the ques-
tion of how much activity is required to achieve benefit and in
particular, whether light to moderate physical activities have any
effect on diminishing risk. This paper examines the relationship
between physical activity and the incidence of total cancers and
some site-specific cancers and assesses the type and amount of
activity required to achieve benefit in a prospective study of
middle-aged men. 
SUBJECT AND METHODS
The British Regional Heart Study (BRHS) is a prospective study
of cardiovascular disease comprising 7735 men aged 40–59 years
selected from the age-sex registers of one group general practice in
each of 24 towns in England, Wales and Scotland initially exam-
ined in 1978–80. The criteria for selecting the town, the general
practice and the subjects as well as the methods of data collection,
have been reported (Shaper et al, 1981). Research nurses adminis-
tered a standard questionnaire that included questions on smoking
habits, alcohol intake, physical activity and medical history.
Height and weight were measured and body mass index (BMI)
defined as height/weight2. The classification of smoking habits,
alcohol intake, social class and physical activity have been
reported (Shaper et al, 1988, 1991). The men were
classified according to their current smoking status: never smoked,
ex-cigarette smokers and current smokers at four levels (1–19, 20,
21–39 and ≥ 40 cigarettes/day). 
Physical activity 
At screening the men were asked to indicate their usual pattern of
physical activity, under the headings of regular walking or cycling,
recreational activity and sporting (vigorous) activity. Regular
walking and cycling relate to weekday journeys which included
travel to and from work. Recreational activity includes gardening,
pleasure walking and Do-it-Yourself jobs. Sporting (vigorous)
activity includes running, golf, swimming, tennis, sailing and
digging. A total physical activity score was calculated for each
man based on the frequency and type (intensity) of their physical
activities (Shaper et al, 1991). Scores assigned for each type of
activity and its duration were based on the intensity and energy
demands of the activities reported (Wilson et al, 1986; Taylor et al,
1978). Physical activity at work was excluded from the score
because few middle-aged men do physically demanding work and
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The total score for each man was a relative measure of how much
physical activity had been carried out or energy expended.
Complete data were available for 7630 men initially grouped into
6 broad categories based on their total score: 
Physical activity index 
1 Inactive (score 0–2; n = 686). No regular activity. 
2 Occasional (score 3–5; n = 2345). Regular walking or
recreational activity only. 
3 Light (score 6–8; n = 1761). More frequent recreational
activities; or sporting exercise less than once a week; or regular
walking plus some recreational activity. 
4 Moderate (score 9–12; n = 1205). Cycling; or very frequent
weekend recreational activities plus regular walking; or
sporting activity once a week. 
5 Moderately-vigorous (score 13–20; n = 1120). Sporting activity
at least once a week or frequent cycling, plus frequent
recreational activities or walking; or frequent sporting activities
only. 
6 Vigorous (score ≥ 21; n = 513). Very frequent sporting
exercise, or frequent sporting exercise plus other recreational
activities. 
The use of the physical activity score has been validated using
heart rate and FEV1 in men free of pre-existing CHD (Shaper et al,
1991). In the analysis the inactive and occasionally active groups
have been combined and five groups are used. 
Follow-up 
All men have been followed up for all cause mortality, cardiovas-
cular morbidity and development of cancer from the initial
screening in January 1978 – July 1980 to December 1997, a mean
follow-up period of 18.8 years (range 17.5–20.0 years) and follow-
up has been achieved for 99% of the cohort (Walker et al, 2000).
Information on death was collected through the established proce-
dures provided by the National Health Service registers. 
Ascertainment of cancer cases 
Cancer cases up to December 1997 were ascertained by means of:
(1) death certificates with malignant neoplasms identified as the
underlying cause of the death (ICD140–209); (2) Cancer registry:
subjects with cancer identified by record linkage between the
BRHS cohort and the National Health Service Central Register
(NHSCR); and (3) postal questionnaires to surviving members in
1992, 1996 and in 1998. In each survey the men were asked
whether a doctor had ever diagnosed cancer and if so, the site and
year of diagnosis.
Smoking related cancers were regarded as cancers of the lip,
tongue, oral cavity and larynx (ICD codes 140, 141, 143–149),
oesophagus (ICD 150), pancreas (ICD157), respiratory tract (ICD
160–163), bladder (ICD 188) and kidney (ICD 189). 
Statistical methods 
The Cox proportional hazards model (Cox, 1972) was used to
assess the effects of physical activity on the risk of cancer. Person-
years for each subject was calculated from the time of screening to
the time cancer was first diagnosed, death or 1st January 1998.
Physical activity was fitted as a categorical variable for the five
groups (none/occasional, light, moderate, moderately-vigorous
and vigorous). In some analyses, tests for linear trend for physical
activity were assessed by assigning quantitative values (1–5) for
the five groups of physical activity and fitting physical activity as
a continuous variable rather than as categorical variables. In the
adjustment, age and BMI were fitted as continuous variables.
Alcohol intake (5 levels; none, occasional, light, moderate and
heavy), smoking (5 levels; never, ex-smokers, 1–19, 20 and ≥ 21
cigarettes/day) and social class (7 groups; I, II, III non-manual, III
manual, IV, V and Armed Forces) were fitted as categorical vari-
ables. Direct standardization was used to obtain age-adjusted rates
per 1000 person-years using the study population as the standard. 
RESULTS 
In the 7630 men with available data on physical activity there were
929 cases of malignant neoplasms (excluding skin cancers) which
were obtained from the cancer registry and death certificates (625
cancer deaths). A further 82 cases were obtained from question-
naire data, bringing the total to 1011 cases. Of these, 42 men were
diagnosed with cancer prior to or in the same year as screening and
these men have been excluded from analysis. Thus total cancer is
based on 969 cases (number of men developing cancer) in 7588
men during a mean follow-up period of 18.8 years including 265
lung cancers, 120 prostate cancers and 135 colo-rectal cancers
(Table 1). Cancer at more than one specific site developed in 21
men and these cancers have been included under each of the site-
specific cancers. 
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Table 1 Distribution of cancer sites in 7588 middle-aged British men during
18.8 years follow-up 
ICD no.  No. of Cases* 
Total 140–208+ 969 
Lip, oral cavity 
and pharynx 140–149 21 
Oesophagus 150 44 
Colo-rectal 153, 154 135 
Other lower 151, 152, 155–159 109 
digestive
Stomach 151 59 
Liver 155 16 
Pancreas 157 29 
Lung 162 265 
Other respiratory 160, 161, 163–165 11 
Bone, connective
tissue and breast 170–171, 175 7 
Prostate 185 120 
Testis 186 10 
Urinary tract
Bladder 188 92 
Kidney 189 33 
Other and unspecified sites 190–199 79 
eye and brain 190–191 28 
unspecified 199 43 
Lymphatic and 200–208 61 
haematopoietic
Unknown 3 
*Number of men who developed cancer at the various sites. 21 men had 2 or
more site specific cancers. 
Unknown: 3 men reported doctor diagnosed cancer on questionnaire but did
not specify site. A significant inverse relationship was seen between physical
activity and total cancers, with risk significantly reduced only
among men engaged in moderately-vigorous and vigorous levels
of physical activity (Table 2). No benefit was seen at lesser 
degrees of physical activity. The inverse relationship persisted,
albeit with some attenuation of benefit, even after adjustment for
age, cigarette smoking, BMI, alcohol intake and social class. 
Site-specific cancers 
Since none/occasional, light and moderate levels of physical
activity showed similar risk of total cancer these groups were
combined and used as the reference group in showing the age-
adjusted relative risk for the selected site-specific cancers (Table 3).
Moderately-vigorous and vigorous levels of activity were
both associated with reduced risk of cancer in lung, upper digestive
tract, stomach and lymphatic/haematopoietic system although for
lymphatic/haematopoietic cancers the trend was not statistically
significant, possibly because of the small numbers. In subsequent
analyses, upper digestive tract and stomach cancers were combined
and this combined group is referred to as ‘combined upper diges-
tive tract’ cancer. Prostate cancer risk was only significantly lower
in those engaged in vigorous levels of activity and the trend was of
marginal significance. Additional adjustment for cigarette smoking,
BMI, alcohol intake and social class attenuated the reduced risk
seen with lung cancer. Adjustment made minor differences to the
relationships seen with prostate, combined upper digestive tract,
and lymphatic/haematopoietic cancers. Vigorous activity was asso-
ciated with a significant increase in risk of bladder cancer.
Moderately-vigorous or vigorous activity showed no relationship
with colo-rectal cancer. 
Types of activity 
We examined the effects of specific types of physical activity on
risk of cancer, adjusting for age, smoking, BMI, alcohol intake and
social class (Table 4). 
Sporting activity 
Men reporting sporting activity ≥ 1 per month showed a significant
reduction in risk of total cancers, ‘combined upper digestive tract’
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Table 2 Physical activity and age-adjusted cancer rates/1000 person-years and adjusted relative risks for all
cancers (excluding skin cancer) in 7588 middle-aged British men 
Physical activity No. Cases Rates Relative risks (95% CI) 
/1000 p-y A B 
None/Occ 3017 424 8.4 1.00 1.00 
Light 1749 234 7.8 0.93 (0.79, 1.09) 0.95 (0.80, 1.11) 
Moderate 1196 163 8.1 0.95 (0.80, 1.14) 1.04 (0.86, 1.24) 
Moderate-vigorous 1113 101 5.8 0.68 (0.54, 0.84) 0.78 (0.62, 0.97) 
Vigorous 513 47 5.7 0.65 (0.44, 0.88) 0.76 (0.56, 1.04) 
Test for linear trend P < 0.0001 P = 0.02 
A = age-adjusted 
B = adjusted for age, cigarette smoking, BMI, alcohol intake and social class.
Table 3 Physical activity and adjusted relative risk of site specific cancers in 7588 middle-aged British men 
None to  Moderate-vig Vigorous Test for trend 
Cancer site Moderate (5962) (1113) (513) across the groups
Lung (n = 265) A 1.00 0.57 (0.37, 0.89)* 0.58 (0.32, 1.07) P = 0.006 
B 1.00 0.77 (0.49, 1.21) 0.76 (0.40, 1.43) P = 0.19 
Upper A 1.00 0.27 (0.08, 0.86)* 0.37 (0.09, 1.52) P = 0.02 
digestive (n = 65) B 1.00 0.31 (0.10, 0.99)* 0.46 (0.11, 1.90) P = 0.05 
(oral/oesophagus) 
Stomach (n = 59) A 1.00 0.32 (0.10, 1.01)+ 0.43 (0.11, 1.78) P = 0.04 
B 1.00 0.40 (0.12, 1.28) 0.60 (0.14, 2.47) P = 0.15 
‘Combined Upper A 1.00 0.31 (0.13, 0.70)* 0.32 (0.10, 0.99)* P = 0.02 
digestive’(124) B 1.00 0.37 (0.16, 0.86)* 0.42 (0.13, 1.32) P = 0.05 
Colorectal (n = 135) A 1.00 0.91 (0.55, 1.51) 0.96 (0.48, 1.89) P = 0.77 
B 1.00 0.90 (0.54, 1.49) 0.95 (0.48, 1.88) P = 0.74 
Bladder (n = 92) A 1.00 0.82 (0.42, 1.59) 1.85 (0.98, 3.49)+ P = 0.20 
B 1.00 0.90 (0.45, 1.77) 2.06 (1.08, 3.95)* P = 0.09 
Prostate (n = 120) A 1.00 0.94 (0.55, 1.59) 0.23 (0.06, 0.94)* P = 0.06 
B 1.00 0.89 (0.51, 1.55) 0.25 (0.06, 0.99)* P = 0.06 
Lymphatic and
haematopoetic 
(n = 61) A 1.00 0.70 (0.32, 1.54) 0.42 (0.10, 1.74) P = 0.15 
B 1.00 0.73 (0.33, 1.63) 0.47 (0.11, 1.96) P = 0.21 
A = age-adjusted 
B = adjusted for age, cigarette smoking, BMI, alcohol intake and social class. (* excluding skin cancer). 
*P < 0.05 + P = 0.06 #P = 0.08. cancers and prostate cancer (marginal significance) compared with
those who reported no sporting activity or < 1/month. They also
showed a reduction in risk of lung cancer and lymphatic/
haematopoietic cancers although the differences were not statisti-
cally significant. Little association was seen with colo-rectal
cancer. Sporting activity was associated with an increased risk of
bladder cancer (marginal significance). 
Walking 
Risk of total cancer was reduced only in the small group of men
who walked more than an hour a day but the reduction in risk was
not statistically significant. The reduced risk was seen for lung,
colo-rectal and prostate cancers. 
Recreational activity 
Recreational activity showed little relationship with total cancer.
The adjusted relative risks for low (< 4 h/week), medium (4
h/week) and high levels (> 4 h/week) were 1.00, 0.91 (0.76, 1.09)
and 0.92 (0.78, 1.10). 
Frequency of sporting activity and cancer 
Those who reported sporting type activities at least once a month
were divided according to the number of times they carried these
out: less than once a week, once a week and at least twice a week.
There was an inverse dose-response relationship between cancer
risk and the frequency of sporting activity (Table 5). This was seen
for prostate cancer, ‘combined upper digestive tract’ and to a lesser
extent for lung cancer and total cancers. A significant and positive
dose-response relationship was seen for bladder cancer. 
DISCUSSION 
Our finding that physical activity is associated with a significantly
reduced risk of total cancers even after adjustment for other lifestyle
factors, is consistent with several other prospective studies (Albanes
et al, 1989; Paffenbarger et al, 1987; Kampert et al, 1996). However,
few prospective studies have examined the type and level of activity
required to achieve benefit. In the present study, only moderately-
vigorous and vigorous levels of physical activity involving sporting
type activities were associated with reduction in risk of total cancers.
Lesser levels of activity conferred no benefit. Regular walking for
more than an hour a day was associated with reduction in risk of
cancer but the number of men engaged in such activity was too
small to allow any firm conclusion. Recreational activity showed no
beneficial effect on cancer risk, unlike its effects on coronary heart
disease (Shaper et al, 1991). 
Site-specific cancers 
Colo-rectal cancer 
There is considerable epidemiological evidence that increased
physical activity is associated with reduced occurrence of colon
cancer (Lee, 1995; Oliveria and Christos, 1997; Gerhardsson,
1997; McTiernan et al, 1998; Moore et al, 1998; Shephard and
Shek, 1998; Giovannucci et al, 1995; Slattery et al, 1997), but we
found little association between total physical activity or sporting
activity with colo-rectal cancer after adjustment for potential
confounders. Even when analysis was limited to colon cancer,
little association was seen. Other prospective studies have either
failed to find an association overall or the association found has
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 been restricted to sub-groups (Albanes et al, 1989; Lee and
Paffenbarger, 1994; Lee et al, 1997; Thune and Lund, 1996). The
protective effect of physical activity may be of greater importance
in older men (Thune and Lund, 1996). When we examined the
relationship between physical activity and colo-rectal cancer in
younger (< 50 years at base line) and older men, although the
numbers were small, in older men vigorous activity was associated
with lower (non-significant) risk compared to the less active
(none-moderate) men (RR = 0.57 95% CI 0.18–1.82). 
Prostate cancer 
The findings with regard to prostate cancer have not been consistent
(Albanes et al, 1989; Thune and Lund, 1994; Oliveria and Lee, 1997;
Hartman et al, 1998; Giovannucci et al, 1998; Liu et al, 2000). We
found physical activity to be associated with reduction in risk but
only in the vigorous activity group. Regular sporting type of activity
at least once a week was required to achieve this effect. These find-
ings are similar to the male health professional study where lower
risk was only seen in men engaged in high levels of vigorous activi-
ties (Giovannucci et al, 1998). In Norwegian men aged 19–50
followed for 16.3 years only regular physical training during recre-
ational hours was associated with reduced risk (Thune and Lund,
1994). The NHANES I study found recreational (exercise) but not
non-recreational activity to be associated with reduced risk (Albanes
et al, 1989). In the Harvard Alumni Study only the extremely active
men showed a reduction in risk (RR = 0.56), but the number of men
engaged at such level of activity was small and the difference was
not statistically significant (Lee and Paffenbarger, 1994). Overall, the
findings suggest that regular participation in vigorous activity is
required to lower risk of prostate cancer. 
Lung cancer 
Two prospective studies have shown increased levels of physical
activity to be significantly associated with reduced risk of lung
cancer, even after adjustment for cigarette smoking (Lee and
Paffenbarger, 1994; Thune and Lund, 1997; Lee et al, 1999).
However, we did not find a significant inverse relationship after
adjustment for smoking and other lifestyle factors although an
inverse trend was present. We observed a dose-response relation
between increasing frequency of sporting activity and reduced risk
but the trend was not statistically significant, possibly due to the
small number of men engaged in levels associated with apparent
benefit. The NHANES I study found no association between recre-
ational activities and risk of lung cancer (Albanes et al, 1989). In
the two cohorts which have found a significant effect, the
Norwegian cohort (Thune and Lund, 1997) and the Harvard
Alumni Study (Lee and Paffenbarger, 1994; Lee et al, 1999), the
men were in general more active than the men participating in the
British Regional Heart Study. Levels of activity shown to be associ-
ated with benefit were relatively high and a relatively high propor-
tion of the men in their cohort were engaged in such activities. 
Bladder cancer 
Men who were vigorously active showed significant reduction in
risk of total cancers and several site-specific forms of cancer, but
they also showed significant increase in risk of bladder cancer. 
Other cancers 
Little information is available on the relationship between physical
activity and other types of cancer. In this study, increased physical
activity (sporting activity) has been shown to be associated with a
significant reduction in the ‘combined upper digestive tract’
cancers (oral, oesophagus and stomach). In contrast, the Japanese
Hawaiian Cancer study found increased activity to be associated
with increased risk of stomach cancer but the results were prelimi-
nary (Severson et al, 1989). We also observed lower risk of
lymphatic and haematopoietic cancers (non-significant) among
men who reported sporting activity. 
Potential confounders 
The association between physical activity and all cancers appeared
to be independent of smoking, alcohol intake and pre-existing
disease; we have no information on diet. Obesity is an established
risk factor for many kinds of cancer and exercise reduces body fat
which may decrease the risk of developing cancer (Lee, 1995;
Oliveria and Christos, 1997; Gerhardsson, 1997; McTiernan et al,
1998; Moore et al, 1998; Shephard and Shek, 1998). However, there
is evidence from this and other studies that physical activity is
related to cancer incidence independent of body mass index
(Slattery et al, 1997). While adjustment has been carried out for
smoking and other risk factors in multivariate analyses, this process
can never entirely remove their effects. However adjustment for
smoking and other factors considerably reduced the apparent benefit
for lung cancer risk associated with moderately-vigorous and
vigorous physical activity, and smoking alone accounted for a major
part of this reduction in benefit, suggesting that much of the
apparent benefit for lung cancer was due to confounding by
smoking. In addition, when we separated all cancers into smoking
related cancers (n = 485) and non-smoking related cancers (n = 484)
the reduction in risk was more clearly seen for non-smoking related
cancers suggesting that the benefit seen for total cancer is not due to
residual confounding by smoking (data not shown). 
Mechanisms 
Several biological mechanisms have been proposed which might
explain the relationship between physical activity and cancer in
general and site-specific cancers (Lee, 1995; Oliveria and
Christos, 1997; Gerhardsson, 1997; McTiernan et al, 1998; Moore
Physical activity and risk of cancer 1315
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Table 5 Frequency of sporting activity and adjusted relative risk of cancer and selected cancer sites 
Sporting activity All cancer Lung Combined upper  Prostate Bladder Lymphatic 
digestive tract
None/<1 month (5508) 1.00 1.00 1.00 1.00 1.00 1.00 
>1/month and <1 week (394) 0.88 1.09 1.05 0.98 1.05 0.29 
1/week (759) 0.86 0.82 0.50 0.63 1.37 0.87 
≥ 2week (927) 0.76 0.68 0.38 0.53 1.79 0.49 
Test for trend with increasing frequency P = 0.01 NS P = 0.01 P = 0.05 P = 0.04 NS et al, 1998; Shephard and Shek, 1998). Physical activity is known
to effect insulin sensitivity, metabolic hormones and growth
factors (Shephard and Shek, 1998), all implicated in cancer devel-
opment (Weiderpass et al, 1997; Singh and Rubin, 1993). Together
with the effects of physical activity on cortisol and prostaglandin
concentrations, any or all of these mechanisms may condition a
general susceptibility to cancer (Shephard and Shek, 1998). There
is considerable evidence of the effects of exercise on the immune
system and on its ability to inhibit cancer development although the
direction of effect may depend on the type of exercise, its intensity
and its duration (Shephard and Shek, 1998). It is also possible that
some biological mechanisms are site-specific; e.g. colon (Bennett and
Del Tacca, 1975), gastro-intestinal tract (Reddy and Wynder, 1977)
and prostate (Hackney et al, 1988). 
PUBLIC HEALTH 
There is now substantial evidence that regular physical activity has
an effect on the development of cancer in general and on certain
site-specific cancers. The fact that sporting activities involving
moderately-vigorous or vigorous levels of physical activity are
required should not inhibit encouragement of regular moderate
physical activity towards this end. To carry out sporting activities
of the appropriate intensity and duration, a degree of physical
fitness is required that can only be achieved by those who have
moved gradually through light and moderate forms of activity to
more vigorous sporting activity. Heavy exercise has been reported
to increase risk of cancers of lung, colo-rectal and pancreas
(American Cancer Society, 1992) and in the present study the risk
of bladder cancer was increased in the vigorously active men.
However it would seem that the overall benefits of regular
moderate physical activity on total cancers and on health in
general greatly outweigh the possible adverse risks of vigorous
activity on one site-specific cancer. 
Conclusions 
Physical activity is associated with reduced risk of all cancers,
prostate cancer, upper digestive and stomach cancer and to a les-
ser extent, lung cancer and lymphatic/haematopoietic cancer.
However sporting type activities are required to achieve such
benefit. We consider that there is now sufficient evidence to justify
the addition of cancer to the list of major chronic disorders likely
to have their development postponed or prevented by regular
physical activity in leisure time. 
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